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folds	 formed	 by	 an	 underlying	 fault	 population	 could	 be	 described	 by	 the	 same	 scaling	
distribution.	
	
The	 aim	 of	 this	 study	 is	 to	 determine	 whether	 fault-related	 folds	 follow	 the	 same	 power	 law	














rock	 with	 a	 fracture	within	 it;	 in	 figure	 1b	 slip	 has	 occurred	 on	 the	 fracture	 and	 the	 overlying	
sediments	have	been	folded	but	the	fault	has	not	propagated	into	them;	in	figure	1c	the	fault	has	
begun	 to	 propagate	 into	 the	 overlying	 sediments;	 finally,	 in	 figure	 1d	 the	 fault	 has	 propagated	









The	 potential	 outcomes	 of	 this	 research	 are	 that	 it	 could	 improve	 the	 understanding	 of	 fold	
geometry	 which	 would	 be	 beneficial	 to	 the	 hydrocarbon	 industry.	 It	 could	 lead	 to	 a	 scaling	
relationship	 which	 could	 be	 applied	 to	 folds	 and	 make	 the	 discovery	 of	 new	 fault-related	
hydrocarbon	traps	easier	to	predict	in	the	future.	
	
This	 research	 focuses	 on	 one-dimensional	 multiline	 sampling,	 looking	 predominantly	 at	 fault-
displacement	(throw)	and	fold	amplitude,	but	also	looking	briefly	into	fault-length	(sampling	along	
mapped,	 two-dimensional	horizon	surfaces).	Three-dimensional	seismic	data	were	used	to	carry	
out	 one-dimensional	 multiline	 sampling	 where	 the	 resolution	 of	 seismic	 data	 at	 depths	 below	
3km	is	typically	30m	(although	in	favourable	circumstances,	10m).	This	means	that	fault	offsets	of	
less	 than	 30m	 are	 essentially	 “invisible”	 on	most	 seismic	 reflection	 data	 (Yielding	 et	 al.,	 1996).	
Depending	on	the	sampling	methods	used	only	faults	above	some	limit	can	be	resolved	(Kim	and	




in	 chapter	 4.5.1.	 Seismic	 reflection	 datasets	 and	 associated	 interpretations	 from	 the	 Gulf	 of	
Mexico	 study	 area	 have	 been	 depth	 converted;	 other	 interpretations	 derived	 from	 seismic	











i. 𝑁 ∝ 𝑟kl,	where	𝑁	is	the	number	of	objects	with	a	characteristic	size	greater	than	𝑟	which	scales	by	the	power-law	exponent	𝐷	(Turcotte,	1989).	
ii. 𝑁 = 𝑎𝑆kl,	where	𝑁	 is	 the	number	of	 faults	having	a	 size	greater	or	equal	 to	𝑆	
which	denotes	a	“size”	of	the	fault,	𝑎	 is	a	measure	of	the	sample	size	and	𝐷	the	
power-law	exponent	(Yielding	et	al.,	1996;	Needham	et	al.,	1996).	





(Hooker	et	al.,	2014),	and	can	be	expressed	as	log 𝐹 = log 𝑎 − 𝑏 log 𝑋	to	satisfy	the	equation	of	a	
straight	line	of	the	form	𝑦 = 𝑚𝑥 + 𝑐	in	log-log	space.	This	transformation	makes	it	much	simpler	
to	 derive	 the	 power-law	 exponent	 which	 governs	 the	 scaling	 of	 the	 “fault	 size”	 population	
22	
	





The	relationships	expressed	by	equations	 (ii)	and	 (iii)	describe	“fault	size”	which	refers	 to	 trace-
length	or	fault-displacement	(or,	more	commonly,	throw)	(Yielding	et	al.,	1996;	Nicol	et	al.,	1996;	
Needham	et	al.,	1996),	and	can	be	used	in	a	variety	of	data	collection	techniques	and	dimensions.	

































of	 seismic	 reflection	 data	 (Scholz	 and	 Cowie,	 1990;	Walsh	 et	 al.,	 1991;	 Jackson	 and	 Sanderson,	
1992;	 Marrett	 and	 Allmendinger,	 1992).	 Understanding	 scaling	 properties	 also	 enables	 the	
constraint	 and	 testing	 of	 fault	 growth	 models	 (Walsh	 and	 Watterson	 1987,	 1992;	 Cowie	 and	
Scholz,	1992a,	b).	It	also	makes	it	possible	to	extrapolate	for	restricted	parts	of	a	fault	population	




It	 is	 important	 to	 note	 that	 changing	 the	 dimension	 of	 the	 scaling	 domain	 i.e.	 from	 one-









the	 scales	 of	 the	 fault	 system.	 Nicol	 et	 al	 (1996)	 proposed	 that	 although	 the	 existence	 of	 a	
systematic	relationship	is	still	uncertain,	it	appears	that	larger	faults	tend	to	have	higher	exponent	
values	than	those	of	smaller	faults.	However,	in	a	single	fault	system	the	fault	size	could	range	up	
to	eight	orders	of	magnitude.	Although	 the	size	 range	of	an	 individual	data	set	 is	 rarely	greater	






may	 be	 smaller	 sub-populations	 which	 themselves	 are	 power-law	 distributions;	 supporting	 the	
ideas	of	Nicol	et	al	(1996)	that	an	individual	power-law	dataset	is	a	subset	of	a	larger	fault	system.	
	









several	 orders	 of	 magnitude.	 It	 is	 well	 known	 that	 self-similarity	 varies	 over	 different	 scaling	
regimes	 for	 natural	 patterns	 and	 that	 this	 is	 standard,	 not	 the	 exception	 (Kruhl,	 2013).	 These	











2007).	 In	 addition,	 non-geological	 fracturing	 processes	 can	 result	 in	 different	 scaling	 regimes	
where	 the	 fault	population	has	been	 influenced	by	non-geological	 stress/strain.	 This	 causes	 the	




Within	 rock	 structures,	 inhomogeneity	 is	 a	 dominant	 characteristic	 and	 is	 affected	 by	 scale.	
Inhomogeneity	results	from	how	various	processes	interact	with	each	other	over	time,	as	well	as	
the	 scale	 at	 which	 the	 rock	 is	 studied.	 It	 is	 inevitable	 that	 a	 pattern	 becomes	 more	
inhomogeneous	at	it	has	a	lower	resolution	limit,	i.e.	crystals	and	pores	viewed	on	a	micro-scale	
will	 appear	more	 inhomogeneous	 compared	with	 being	 viewed	on	 a	macro-scale.	 According	 to	
Kruhl	 (2013),	 rock	 structures	 and	 the	 resulting	 patterns	 tend	 towards	 inhomogeneity	 on	 small	
scale	and,	vice	versa,	gain	homogeneity	with	increasing	size	(Kruhl,	2013).	As	a	result,	care	has	to	























































In	 this	 study,	 we	 take	 fault-related	 folding	 or	 fault-propagation	 folding	 to	 be	 the	 folding	 that	
forms	above	fault	blocks	bounded	by	normal	unlinked	faults	(Withjack	et	al.,	1989,	1990).	Fault-
related	 folding	 has	 been	 primarily	 explored	 by	 analogue	 modelling	 experiments	 and	 tri-shear	
models,	 although	 some	 observations	 of	 fault-propagation	 folds	 have	 been	made	 from	 outcrop	











































fault	before	 the	 fault-related	 fold	development	ceased.	Experiment	 two	experienced	more	 than	
2.5cm	 before	 development	 ceased	 and	 experiment	 three	 found	 only	 1.5cm	 of	 displacement	












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































> ks.test(x, y, …, alternative = c(“two.sided”, “less”, “greater”), 
exact = NULL) 
• x; a	numeric	vector	of	data	values 
• y; a	numeric	vector	of	data	values,	or	a	character	string	naming	a	cumulative	
distribution	i.e. pnorm 
• …; parameters	of	the	distribution	specified	(as	a	character	string)	by y 




o less; specify	that	the	null	hypothesis	is	less	than	the	hypothesised	distribution 
o greater; specify	that	the	null	hypothesis	is	greater	than	the	hypothesised	
distribution 











Equation	4:	𝑫𝒏 = 𝒔𝒖𝒑𝒙 𝑭𝒏 𝒙 − 𝑭 𝒙 	
Where	𝑠𝑢𝑝is	the	supremum	(the	smallest	value	that	is	greater	than	or	equal	to	each	of	a	given	






Equation	5: 𝒏𝑫𝒏 > 𝑲𝜶	
For	level	α.	Where	𝐾 	is	found	from,	

















Equation	7:𝑫𝒏,𝒏¢ = 𝒔𝒖𝒑𝒙 𝑭𝟏,𝒏 𝒙 − 𝑭𝟐,𝒏¢ 𝒙 	
This	is	comparable	to	the	Kolmogorov-Smirnov	statistic	quoted	previously	for	a	one-dimensional	
case,	however	𝐹-, 𝑥 	and	𝐹.,¢ 𝑥 	represent	two	samples	of	which	neither	descend	directly	from	
a	known	distribution.	Here	the	null	hypothesis	is	rejected	at	level	α	if,	































Equation	10:	𝑨 = 𝒏 𝑭𝒏 𝒙 k	𝑭 𝒙 𝟐𝑭 𝒙 𝟏k𝑭 𝒙 𝒅𝑭(𝒙)OkO 	






















> ad.test(…, data = NULL, method = c(“asymptotic”, “simulated”, 
“exact”), dist = FALSE, Nsim = 10000) 
• …; a	formula y~g where y contains	the	pooled	sample	values	and g	is	a	factor	(of	
same	length	as y)	with	levels	identifying	the	samples	to	which	the	elements	of y	belong 
• data;	an	optional	data	from	providing	the	variables	in	formula y~g  
• method; 




• Nsim; 10000 (default),	number	of	simulated	sample	splits	to	use.	It	is	only	used	when 




Equation	11:	𝑻. 𝑨𝑫 = (𝑨𝑫k𝝁)𝝈 	









































































































































































































Equation	12:	𝜶 = 𝒅𝒚𝒅𝒙 = 𝐥𝐨𝐠𝒚𝟏 k𝐥𝐨𝐠 𝒚𝟐𝐥𝐨𝐠 𝒙𝟏k 𝐥𝐨𝐠 𝒙𝟐	
The	third	method	was	to	evaluate	the	data	in	R.	using	the	boundaries	imposed	by	Fossen	and	
Rørnes,	and	finally	evaluating	the	data	in	R.	without	these	boundaries.		This	was	carried	using	
























































































































































a	 	 b 	
c 	 d 	























































































































































































There	 is	a	strong	correlation	between	the	majority	of	 the	graphs;	however,	one	aspect	which	 is	
consistent	throughout	is	the	difference	in	left-hand	truncation	between	graphs.	This	is	caused	by	




large	 concentration	 of	 values	 at	 20m.	 These	 would	 otherwise	 have	 been	 part	 of	 the	 left-hand	
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Power	Law	 5	 7	 5	 2	
Exponential	 6	 8	 6	 2	





























equation	method	which	was	a	re-arrangement	of	𝑦 = 𝑚𝑥 + 𝑐	for	a	power	law	gives	equation	13.	
When	this	is	rearranged	this	becomes:	












































































































































































































































































































































































































































































































a 	 b 	
c 	 d 	








































































































































> log_xdata=log(xdata, base=10) 










































































































> plot(test_out_mov[1,], type="l", col="red", ylab="alpha", 
xlab="Cumulative Number", ylim=c(0,1)) 
> lines(test_out_mov_exp[1,], col="blue") 
> lines(test_out_mov_ln[1,], col="green") 
> title(main="WINDOW CODE, DATA SET") 





> plot(test_out_mov[2,], type="l", col="red", ylab="p-value", 
xlab="Cumulative Number", ylim=c(0,1)) 
> lines(test_out_mov_exp[2,], col="blue") 





> title(main="WINDOW CODE, DATA SET") 
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